Retinitis pigmentosa (RP) is a relatively common eye disorder, which may be inherited in three ways: autosomal dominant, autosomal recessive, and X linked recessive. There are no obvious clinical differences to distinguish between patients with the three types and so great reliance is placed on the family history when giving genetic counselling. However, most patients with RP have no symptomatic relatives and it is not clear how often such isolated patients have a genetic disorder and how often a non-genetic one. Sometimes examination of the female relatives of an isolated male patient may be helpful, since female heterozygotes for X linked RP can be clearly recognised by their patchy fundal abnormalities and by the fact that their retinal function disturbances are usually mild.'
The present study was aimed at providing data useful for genetic counselling. We wished to assess the relative frequencies of the different genetic types of RP and whether RP could be non-genetic. We also wished to assess to what extent autosomal dominant and X linked disease could be recognised by retinal function tests on asymptomatic persons.
Most previous genetic studies of RP have analysed series of patients that have been selected because they have attended a specialist clinic2 or because they belonged to a lay organisation which was likely to attract the young and severely affected sufferers.3 The present study, however, is based on a population of RP patients selected only because they lived in the City of Birmingham.
Methods
Patients were included in this genetic study if they had symptomatic retinitis pigmentosa in June 1978 and were living in the City of Birmingham. The methods of their ascertainment are described in the preceding paper. There was a total of 151 index patients and 63 secondary cases in the prevalence study, but 11 index patients could not be interviewed for the genetic study as three had died, four had moved away, and four refused a home visit. Two index patients gave a history of relatives with visual symptoms but these could not be verified as resulting from retinitis pigmentosa. These (table 2). This low figure occurred in spite of the fact that over half the offspring were examined and had tests of retinal function.
The age of onset distributions for the 30 patients with autosomal dominant disease is shown in fig 2. However, the patients appeared to fall into two approximately equal groups, one where they had poor vision at the age of 40 and the other where they were expected to have useful sight at the age of 40 (table 3) . To some extent the prognosis depended upon the age of onset, with 12 of 14 severely affected patients having onset before 20 years, whereas eight of 16 mildly affected patients had which brothers only were affected and four isolated male patients. One family was ascertained through a carrier female who was registered blind and who had an X linked pedigree. This family was particularly interesting for it was an example of myopic degeneration occurring with RP as described by Franqois and De Rouck.4 The affected males had both myopia and RP and the carrier females had a myopic degeneration which made it difficult to recognise the characteristic fundal appearance of a heterozygote and which led to blindness in early adult life.
Apart from this one family, the other families appeared to have a clinically homogeneous disease, with onset always by 30 years, and usually by 20 ( fig  2) , and with almost all patients being registered blind or partially sighted by the age of 40 (table 3) . However, in spite of the consistent severity of the disease, there was no decreased fitness in patients with X linked RP when compared to their unaffected sibs (table 4) .
In the twelve families with the usual form of X linked RP, and with an X linked pedigree, there were 12 obligatory heterozygotes who had fundal examination and retinal function tests. There were also further obligatory heterozygotes from X linked families outside Birmingham who were tested (Crews SJ, Bundey S, in preparation). Fundal examination and retinal function tests were abnormal in three-quarters of obligatory heterozygotes aged under 20 years, but after the age of 20 all obligatory heterozygotes showed an abnormality on at least one test. However, one woman of 31 had normal fundi although she did have abnormalities of retinal function, and two women of 22 and 46 had normal retinal function tests but abnormal fundi.
An attempt was made during the study to identify all severely affected male index patients who had X linked disease by examining their female relatives. However, reference to These 51 patients consisted of 26 males and 25 females; 18 (10 males, eight females) were or were likely to be severely affected by the age of 40 and 33 were mildly affected. As with the dominant cases, there was an association between age of onset and prognosis, with all but one of the severely affected patients having onset before the age of 20, whereas only one-third of the mildly affected patients did. The age of onset distribution (fig 2) was diffuse. There was a suggestion of bimodality for this group of patients, with one mode having onset before the age of 20 and the other between 35 and 45 years.
Many of the parents had died or were living outside Birmingham. However, 14 of 51 mothers and nine of 51 fathers were examined and found to be normal; 11 of those examined were parents of severely affected index patients and 12 were parents Because of the difficulty of distinguishing between non-genetic RP and autosomal dominant RP, both clinically and on family history, some empirical risks for symptoms occurring in offspring are given in table 8. These risks range from 1 in 4 to 1 in 37. However, if a patient comes from a dominant family, with many affected members showing early onset of severe disease, then a 1 in 2 risk for offspring would be appropriate.
Our observations and conclusions are not the same as those of some other geneticists studying RP. The main differences between studies lie in the proportions attributed to autosomal dominant and autosomal recessive disease, and there are likely to be several reasons for these differences.
Amman et at8 reported the highest proportion of autosomal recessive disease: 90%, of which 16% were syndromes. However, their experience of RP was of a serious disease, with patients ceasing to work between 30 and 40 years and becoming blind between 50 and 60 years. They also reported a high consanguinity rate of 26-7%. These features make it likely that autosomal recessive RP is much commoner in Switzerland than elsewhere, perhaps due to an initial founder effect and subsequent inbreeding.
The next highest proportion of autosomal recessive disease (41%) was reported by Jay2 in a population basically similar to that of Birmingham but ascertained through a genetic clinic. Her proportion of familial cases was much greater than in the present study, presumably because of this ascertainment. Table 7 shows that 33% of our cases ascertained through the genetic clinic would have been classified as autosomal recessive. However, in addition, Jay classified as autosomal recessive those cases with affected sibs and asymptomatic parents, and those isolated or simplex cases with severe disease. She was influenced by her experience of autosomal dominant disease having a penetrance of 90%, whereas both the study of Boughman and Fishmans and ours have demonstrated a penetrance very much lower than this. Similarly, the present study does not confirm that a severely affected index patient is most likely to have autosomal recessive disease.
Hu,6 in a study from Shanghai, reported a proportion of autosomal disease of 33%, but he included families with one or more sibs affected with asymptomatic parents. It is interesting that he interpreted the high level of consanguinity of 15-9% as indicating that autosomal recessive RP may be caused by genes at many (between 11 and 41) loci. An alternative interpretation, favoured by us, is that the high consanguinity rate indicates that autosomal recessive RP is very rare, and probably overestimated in this series from China and others.
The study mentioned earlier,5 based on two retina clinics, yielded very similar results to the present study probably because both series of patients were largely unbiased with regard to family history or severity of disease. The present study also emphasises the importance of examining relatives, particularly parents.
